Transgenic mice that carry a ,2 transgene under the control of the V2 promoter and the E2-4 enhancer (,2E, mice) 
INTRODUCTION
. It is not clear how these ratios are regulated. Selection of c + cells in the peripheral lymphoid organs only partially explains the skewing, because even in the bone marrow, c cells outnumber + cells by at least 5:1 (this paper; Rolink et al., 1993) . Analysis of mouse and human Ig producing lymphomas and plasmacytomas has led to the hypothesis that c and , genes are sequentially activated (Hieter et al., 1981 , genes would be activated only after both c genes had been nonproductively rearranged. A modification of this model is one in which the induction of ,-gene rearrangement requires the inactivation of the c locus by rearrangement of the RS element located 3' of the Cc gene (Moore et al., 1985) .
Recently, the sequential model, in which X rearrangement depends upon prior events at the c locus, has essentially been ruled out by the analysis of c knockout mice, which, despite the absence of any rearrangement in the c locus, produce large numbers of B cells with rearranged , genes (Takeda et al., 1993 (Ritchie et al., 1984) . This was taken as evidence for the shutoff of the V(D)J recombinase after completion of correct rearrangements of both a heavychain and a light-chain gene (Ritchie et al., 1984) . Similarly, it has been shown in mice that express a X transgene under the control of the heavy-chain enhancer that endogenous c-gene rearrangement is strongly inhibited Neuberger et al., 1989) . Thus, it was clear that , , presumably the protein, can deliver a rearrangement feedback signal.
A puzzling observation was the finding of normal numbers of X-producing B cells in c transgenic mice, while endogenous c-producing B cells were greatly diminished (Gollahon et al., 1988) . This led to the hypothesis of two distinct B-cell populations with different abilities to regulate c-and ,-gene expression. One, the c lineage, was thought to rearrange only c genes, whereas the other, the c/, lineage, was thought to be able to rearrange both c and , genes (Gollahon et al., 1988) .
To test this model, it had to be determined whether X genes can be expressed in all or in only a subset of B cells (Cuisinier et al., 1992) . The enhancers driving -gene expression had for a long time been elusive, because it was found that, unlike heavy-chain and c genes, no enhancers were present in the JC intron of X genes (Picard and Schaffner 1984; Hagman et al. 1990 ). Re- cently, two strong B-cell-specific enhancers were found to be located 16 kb and 35 kb 3' of the C,2-4 and C,3-1 constant-region gene clusters, respectively (Hagman et al., 1990 (Alt et al., 1984) . Many of the hybridomas showed evidence of such a germline H allele (Table 2 ). This was confirmed by the presence of germline bands when the blots were probed with a sequence from 5' of DH (Table 2 ). The proportion of hybridomas with germline heavy-chain alleles is similar to that of hybridomas from ,2EH transgenic mice . Germline heavy-chain alleles are very rare in hybridomas from normal mice (Roth et al., 1993; Weaver et al., 1985 (Ma et al., 1992) . A similar conclusion was drawn from studies with cultured pre-B cells (Rolink et al., 1993) and with pre-T cells (Turka et al., 1991) . The suggestion of delayed feedback is further supported by the analysis of bone marrow B cells expressing : and B220 (Fig. 1) (Strasser et al., 1989) . It is clear from the Northern analysis that the expression of the X2EH transgene precedes that of the ,2E, transgene (Fig 2) . Expression of the former, being regulated by the heavy-chain enhancer, presumably is simultaneous with t-gene expression in fetal mice (Alt et al., 1981 (Coleclough, 1983) ; the question remains why has a lower probability for rearrangement. The timing of the expression of c and , genes seems to be similar as shown by the findings with fetal liver RNAs (Fig   2) . Additionally, pre-B cell lines have been found to express reporter genes under the control of the , enhancer (C. Rudin (Pongubala et al., 1992; Eisenbeis et al., 1993) . Thus, the enhancers may compete with the 3' c enhancer for the binding of the same transactivating factors and the 3' c enhancer may have a higher binding affinity. To completely unravel the isotypic exclusion of c and , , the activation and relative strengths of the c and , enhancers must be more systematically analyzed once the transactivating proteins are fully understood.
Another possibility to explain the c/X imbalance is that the c and genes represent unequal targets for the V(D)J recombinase (Miller et al., 1982) . It has been reported that in an in vitro system using rearrangement constructs containing the c and rearrangement signal sequences (RSS), the frequency of c rearrangements is higher (Ramsden and Wu, 1991 An important difference between the two loci are the numbers of RSSs in V and J genes that can serve as targets for rearrangement. The c locus has at least 50 V genes and 4 functional J genes (Tonegawa, 1983) . The locus has only three V genes (V1, V2, and Vx) and three functional J genes (J1, J2, and J3) (Miller et al., 1988; Carson and Wu, 1989; (Coleclough et al., 1981) . A ,2 transgene driven by the E2-4 enhancer was constructed as follows ( Fig. 3) : The 1.6-kb Xhol-Sall fragment containing the ,2 enhancer was isolated from pA16-N16 (Hagman et al., 1990) . This A16XS1.6 fragment was then subcloned into the Sall site of X2-4.4X, which contains the functionary rearranged ,2 gene of the plamacytoma MOPC 315 (Wu et al., 1982; Hagman, 1989; Hagman et al., 1989 (Manz et al., 1988) . Supernatants were screened for Ig L chains in an ELISA assay, as described in detail elsewhere (Manz et al., 1988) .
RNA was isolated from the fetal liver of individual embryos at 14 to 18 days gestation according to the method of Chomczynski and Sacchi (1987) . Body DNA was also isolated to detemine which embryos were transgenic.
Probes for Cc, pX2.1 JH4, 5' of JH1, pDFL-2.7 (Manz et al., 1988) and C2 have been described previously.
RNA Analysis by Northern Blots
Twenty micrograms of fetal liver RNA or 5 tg of normal spleen RNA, as control, were analyzed by Northern blot hybridization as described . 2 mRNA was detected by a 32p_ labeled C2 probe . Under the same condition, there was no detectable signal of endogenous ,2/3 transcripts from nontransgenic fetal liver RNA (not shown). The blots were reprobed with a glyceraldehyde-3-phosphate dehydrogenase (GAPDH) probe (Fort et al., 1985 (Lewis et al., 1982) for sterile c transcripts, VM probe for mature and sterile V, transcripts, and C1 probe for C,1 transcripts.
The primers used were as follows: Vc degenerate and Ko primers were described by Schlissel and Baltimore (1989) ; Cc3 (3' of poly A signal): 5'-ACAGAGATCTCAAGTGCAAAGACTC-3'; VXI (within hv2): 5'-AACCGAGCTCCAGGTGTTCCT-GCCAGATT-3'; 3VM (60 bp 3' of coding sequences): 5'-CCAAGCTTATGTAGCCACCTGTT-AAGAAAGTGGTAG-3'; CM5 (5' end of coding sequences): 5'-GCAAGCTTAAGTCTTCGCCAT-CAGTCACCCTGTTTCC-3'; C13 (3' of poly A signal): 5'-CTATTCTAGAATAACAGGTTGTGAA-TGAAC-3'; C,2 (5'-GTGGACTTGGGCTGACC-TGTG-3', the C2 primer has homology to all three C, sequences, but anneals preferentially to C,2/3); RP17 upstream primer: 5'-TTTTACCAAGGACCC-GCCAACATG-3'; RP17 downstream primer: 5'-CTATCTTGTTGCGGAGCTTTTTGC-3'.
Flow Cytometry
Spleen and bone marrow cells were stained with monoclonal antibodies as described 
